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© Contour measuring device. 

© A device for measuring object contours (11) comprises a 
mirror system with at least three mirrors (13) for reading a 
contour marked preferably by means of several light sources 
(12). The contour detection system comprises lenses (14) 
which render the measurement angle-independent and a 
collecting optical system (15). The collecting optical system 
(15) forms a single faithful image from the sub-images from 
the respective mirrors (13), which is then imaged, for 
example, on a television camera (17). The device further- 
more comprises an image display device (21) and means (24) 
: for the comparison of contours. 
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"Contour measuring device". 



Hie invention relates to a device for measuring 
object contours in which a contour of thq/object is marked 
and the marked contour is sensed and measured optically. 

A device of this kind is known from GB 1,328,033- 
In a device described therein, a light spot is projected 
onto tlie object and a probe is automatically adjusted by 
the detection of reflected light so that the contour can 
be read during a rotation of the source and the detector 
about the object. It has been found that this device does 
not operate satisfactorily in practice. For example, for 
medical applications the measurement requires too much 
time and must be separately performed in advance. Dif- 
ferences in reflection from a surface and excessively 
abrupt angular variations also cause difficulties. The 
discrete measurement point form of notation required in 
this device is also considered to be a drawback. 

The invention has for its object to mi t tigate 
these drawbacks and to provide a device for measuring ob- 
ject contours in which a complete contour can be on-line 
measured, even in the case of an apparatus in operation. To 
achieve this, a device of the kind set forth in accordance 
with the invention is characterized in that the device for 
the optical measurement of a contouiri^comprises a mirror 
system and a detection system for the formation of a 
single image of the marked contour on the input surface of 
an image sensing device. 

In an apparatus comprising a device in accordance 
with the invention, a closed contour can always be dis- 
played on-line on an image display device, withou± dis- 
turbing the measurement or treatment being carried out by 
the apparatus. Thus, an accurate readily reproducible and 
fast contour measurement can be realized which enables 
further automatic processing to be simplified. 
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In a preferred embodiment in accordance with 
the invention, the optical system comprises, for each dif- 
ferent viewpoint a mirror with a lens for forming an 
angle -corrected. sub-image on an optical collecting 
member in order to form a faithful summed image on, for 
example, a target of a television camera tube. The optical 
collecting member may be constructed as a pyramidshaped 
mirror or as a prism with an entrance side face for 
each of the mirrors. A lens is arranged preferably, between 
the collecting member and each of the mirrox^ but may 
alternatively be arranged between the collecting member 
and the image sensing device so that the sub-images are 
imaged and combined to form a focussed, continuous and 
faithful image on the input screen of the image pick-up 
device • 

In a preferred embodiment, the contour to be 
measured is illuminated by means of light projectors, 
the number and distribution along a circumference of which 
may be chosen so that substantially the entire contour 
will nevertheless be illuminated, even when one of the 
projection is shielded. A similar distribution may be 
chosen for the mirrors. 

When a computer is included in a device in accord- 
ance with the invention, any desired contour can be record- 
ed and used as a reference, for example, to compensate for 
movements of the object, to prevent a collision between 
the therapeutic or measuring equipment and the object, to 
reposition an object, and to monitor any variations in 
object shape, for example, regression during the irradiat- 
ion of a patient. 

Some preferred embodiments in accordance with the 
invention will be described in detail hereinafter with 
reference to the drawing. The single figure of the drawing 
shows a device in accordance with the invention for 
measuring body contours for controlling radiation therapy* . 
In a radiation therapy apparatus, for example, a linear 
accelerator as described in Journal of Applied Medicine, 
Vol. 5f No. 6, pages 4^5-454, the actual linear accelera- 
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tor comprises a- fixed section 1 which is provided witli a 
displacement mechanism for a gantry 2 with an arm 3. The 
arm 3 is rotatable about a patient 6 arranged on a patient 
support 5. The patient is irradiated by a beam along a 
5 line 9 from a radiation source 7* To achieve this, the 
table may be provided with an opening 10 in the region of 
the beam path. By rotating the source about the patient, an 
anomaly inside the patient can be irradiated while applying 
a minimum radiation dose to surrounding organs "and to the 
10 skin of the patient. In order to optimize the irradiation, 
it is necessary to determine the exact location of the 
anomaly and to correct for any displacement, and therefore 
the exact local contour 11 must be known. In order to 
measure the contour, in accordance with the invention 
15 light sources 12 which together illuminate the entire 

contour 11, are mounted, for example, on the walls of the 
room in which the accelerator is arranged. For the sake 
of clarity, the drawing shows only three light sources; 
this number may be sufficient for illuminating a closed 
20 contour, but it may be advisable to use a larger number of 
light sources. In the case of local shielding, for example, 
by additional equipment or by an operator, the entire 
contour can then remain illuminated; the distribution of 
the light sources over the circumference can also be 
25 adapted to the shielding arrangement which is expected 
to occur most frequently. 

In order as far as possible to prevent shielding, 
notably by operating personnel, it is advantageous to 
arrange the light sources on the side of the fixed section . 
30 of the irradiation apparatus. However, this may have 
disadvantages because of shadows formed by the patient 
himself; for example, in the case of a contour of the 
throat, a shadow can readily be formed by the chin. This 
is avoided by arranging the light sources on the side 
35 away from the fixed section of the irradiation apparatus. 
If both advantages are to be utilized, use can be made 
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of a twin system, so that, for example, a series of 
mirror systems is mounted on or near tlie fixed section 1 of 
tlie apparatus, and a further series is mounted remote 
therefrom, Reading can then take place from two directions 

5 at mutually equal angles. If a single optical collecting 
member is used, the optical beam path length must be made 
the same for both directions in order to obtain an un- 
ambiguous image. The device preferably comprises at least 
three mirrors 13j and the embodiment shown comprises four 

10 mirrors. These mirrors may be secured to the walls of the 
room in such an arrangement that the entire contour can be 
seen from the combination of mirrors. The positions of the 
mirrors need not correspond to those of the light sources, 
but such correspondence need not be excluded. Each of the 

15 mirrors has associated with it a lens 14 which images that 
part of the contour line which is reflected by the mirror 
onto the entrance target 16 of a television camera 17 
via an optical collecting member 15. The optical axis of 
the television camera and an optical centre 19 of the col- 

20 lecting member coincide with an axis 4 about which the 
source rotates and which is usually referred to as the 
isocentric axis. The television camera is preferably con- 
nected, via a switching device 20, to a television monitor 
21 for displaying the contour. A contour thus sensed and 

25 measured can be stored in digital form in the memory of a 
computer 22 or in analog form on a magnetic tape or on a 
disk 23. Once a contour of an object has been sensed, 
measured and stored, it can be used as a reference contour 
and a simple indicator 2h then suffices to signal any 

30 discrepancies occurring. If desired, the reference contour 
and a currently measured contour can be displayed together 
on the monitor. This enables a direct visual observation 
to be made of any discrepancy in the latest contour and, 
for example, an unde sired shift of, for example, an arm 

35 of the patient can be corrected immediately. It is then 
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also simple to add an automatic switch-off device Tor tlie 
irradiation apparatus which responds to a predetermined 
discrepancy in tlie contour. From a sensed and measured 
contour a circum scribed circle can be calculated whose 

5 coordinates can be used Tor controlling an anti-collision 
device included in tlie apparatus, which maintains a minimum 
clearance between the patient and tlie relevant parts of 
the patient support or tlie equipment used during therapy, 
for example, a detector or radiation sliield. An identified 

10 recorded contour can also be used for repositioning the 

patient, for example, for repeating a course of radiation 
therapy. 

For the present embodiment it has been assumed 
tliat tlie liglxt sources ..and tlie mirrors each, occupy a 

15 fixed position. If the mirrors are secured to a rotating 
part, for example, the arm 3* is desirable tliat the 
lenses, tlie collecting member and tlie camera should also 
be secured thereto. In tliat case, tlie liglit sources may 
be arranged to be stationary or to be rotatable, as 

20 desired. In the case of an arrangement involving camera 
rotation, it may be advantageous to apply image rotation 
to the monitor display, so that the orientation of the 
pictune on the screen remains fixed • In order to reduce 
the disturbing effect of ambient light on the measurement, 

25 use can be made of light sources generating light having 
a specific wavelength to which the measuring device is 
adapted. The detection device of the described embodiment 
comprises a television camera. Instead of a tdevision 
camera, use can be made of an alternative image pick-up 

30 device which may be cheaper because its resolution need 
not be very high. A suitable detector in this respect 
could be a self —scanning semiconductor detector. 

The invention has been described with reference 
to a medical therapeutic apparatus, notably a linear 
35 accelerator. It will be apparent that the invention has a 
much wider field of application, for example, other medical 
equipment where the separate measurement of a contour is 
important, for example, in scanners in cobalt irradiation 
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apparatus, neutron Irradiation apparatus and the like. 
The invention can also be successfully used Tor non- 
medical applications 9 such as for the measurement of* ob- 
jects or workpieces to be treated and for determining 

S shape variations caused in objects by physical effects, A 
device in accordance with the invention can also be used 
for the fast and accurate testing of workpieces with 
respect to given dimensions, and the profiles of moulds 
used for moulding, can be simply cb t ermine d and recorded. 

10 In the foregoing, a contour marked by light sources has 

been assumed. Even though this is a convenient method, use 
can alternatively be made of a contour marked in a dif- 
ferent manner, for example, by the application of a dye, 
a fluorescent substance or a series of luminescent 

15 devices. In that case the scanning section may still have 
the described construction. Therefore, the invention can. 
also be used for sensing and measuring contour marks 
which already form peart of an object such as a workpiece 
or a mould. 
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1 • A device for measuring object contours in which, 

a contour of* an object is marked and the marked contour is 
sensed and measured optically, characterized in that the 
ddvice for the optical me astir ement of a contour comprises 
a mirror system and a detection system for the formation 
of a single image of the marked contour on the input sur- 
face of an image sensing device. 

2. A device as claimed in Claim 1, characterized in 

that the device includes means for marking a contour com- 
prising at least three light sources which are situated 
to the side of an object to be measured. 

3» A device as claimed in Claim 1 or 2, characterized 

in that the mirror system comprises at least three mirrors, 
each of which has associated with it a lens system for 
forming an angle-.corrected faithful sub-image of a con- 
tour portion on an optical collecting member which forms 
from the three or more sub-images a focussed, faithful 
image of the contour on the image-forming device. 

A device as claimed in Claim 3 f characterized 
in that the read-out mirror system is of duplicate con- 
struction with mutually equal reading angles and mutually 
equal optical beam path lengths to a common optical collect- 
ing member. 

5. A device as claimed in Claim 1, 2 or 3, char- 
acterized in that the images-forming device comprises a 
television camera with a monitor. 

6. A device as claimed in Claim h, characterized in 
that a video memory is associated therewith. 

7- A device as claimed in Claim k or 5, character- 

ized in that an analog-to-digital converter and a computer 
are associated therewith for the recording and comparison 
of contours. 
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8. A device as claimed in any one of* the preceding 

Claims, characterized in that the detection system is 

specifically sensitive to a spectral range of radiation 

by means of which the marking is effected, 

9 # A medical irradiation apparatus comprising 

a device for measuring object contours as claimed in 

any one of the preceding Claims • 

10. An apparatus for a treatment of work pieces, 

comprising a device for measuring object contours- as 
claimed in any one of Claims 1 to 7- 
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